Introduction
In the past few decades, there have been many research activities to clarify the mecha nism of storm runoff generation in a forested drainage basin in humid regions. As a conse quence, considerable advances have been made in our understanding of storm runoff genera tion (e.g., Kirkby 1978) . Most recent studies have stressed that in practice Horton overland fl ow does not occur in forested drainage basins in humid regions. Instead of Horton overland fl ow, three other types of flow are becoming widely recognized as the main sources of storm runoff generation: saturation overland flow; subsurface storm flow; and groundwater flow (Ward 1982) . However, there remain some major questions concerning the causal mecha nism of feeding water into stream channels by each flow.
A group of hydrologists in Japan has con ducted intensive field studies on rainfall and snowmelt runoff processes in order to clarify the mechanism of runoff generation. This paper reviews field and laboratory evidence explaining runoff processes in a forested drainage basin and discusses possible implica tions with respect to the mechanism of their generation.
Role of Saturation Overland Flow
Currently the variable source area-overland fl ow concept is widely accepted for storm runoff generation. This concept has been pre sented by Dunne and Black (1970) as the result of hillslope studies at the Sleepers River Exper imental Watershed, Vermont, USA. The validi ty of the concept for storm flow generation in humid areas was confirmed by Freeze (1972) based on simulation with a mathematical model. However, there has been few studies investigating quantitatively the role of over land flow in relation to basinwide hydrographs. Tanaka et al. (1986) carried out an intensive fi eld study to evaluate the role of saturation overland flow in storm runoff generation in a small forested drainage basin with an area of 2.2 ha. The basin, called the Hachioji Experi mental Basin, lies within the Tama hills, which are underlain by Plio-Pleistocene sediments, located in the western suburbs of Tokyo, Japan. In the study, changes in surface conditions with time due to storm events such as occurrence, expansion, and contraction of overland flow and areas contributing to a storm hydrograph were intensively mapped by field observations during and after a storm event.
In the drainage basin, Horton overland flow does not occur and saturation overland flow occurs on the gentle slope of the valley floor Figure 1 . Observed maximum extent of the saturated area for seven representative storms in the Hachioji Experimental Basin (Tanaka et al. 1986 ).
when the total amount of rainfall exceeds more than 50mm (Tanaka 1982a) . Figure 1 shows the observed maximum extent of the saturated area for seven representative storm events. On the basis of these data and hydrometric param eters for observed storms, Tanaka et al. (1986 Tanaka et al. ( , 1988 discussed the role of saturation overland fl ow and the results are summarized as follows: the maximum areas contributing to a storm fl ow range from 0.9-4.2% of the basin area and on the average, saturation overland flow generated from these restricted areas could ac count for only 7% of total discharge and 24% of volume rates even at the peak discharge. This field evidence in regard to the extent of overland flow areas during a storm event is consistent with observations by Yasuhara (1984) and Ohta et al. (1985) for the same area. On the basis of subsurface water behavior on hillside slopes, they concluded that steep hill side gradients and high hydraulic conduc tivities of the near-surface organic soil layer prevent the occurrence of saturation conditions up to the soil surface on steep hillside slopes even during a heavy rainfall period.
These results indicate that saturation overland flow due to direct precipitation onto saturated areas could not solely produce storm runoff of a basin.
Hydrograph
Components During Runoff Events
It is important to separate storm hydro graphs into their process-related components when considering the mechanism of runoff gen eration.
In the Hachioji Experimental Basin mentioned previously, Tanaka et al. (1988) tried to separate storm hydrographs into their process-related components by means of both Figure 2 . Process-related components constituting storm hydrographs (Tanaka et al. 1988) . QT: Total discharge, QT, G: Total groundwater discharge, QN, G: Groundwater discharge from banks around the main weir, QS: Saturation overland flow discharge. Figure 3 . Separation of snowmelt hydrograph into surface and subsurface components using stream temperature (Kobayashi 1985) . hydrometric monitoring and natural tracer methods. Their results of hydrograph separa tion shown in Fig. 2 are summarized as follows: the groundwater flow component ranges from 92% to 96% of total discharge from the basin, and the surface flow component is only about 6% of total discharge. These figures agree well with the results of the aforementioned satura tion overland flow phenomena observed in the same basin.
Similar studies were carried out to elucidate snowmelt runoff generation. Kobayashi (1985 Kobayashi ( , 1986 ) conducted a study to separate the daily snowmelt hydrograph into surface and sub surface components based on the conservation law of mass and heat in an experimental basin with an area of 1.28km2 located in the northern part of Hokkaido Island. Figure 3 shows the results of snowmelt hydrograph separation using stream temperature.
On the basis of the results of the study, Kobayashi concluded that surface runoff yields only 6-7% of the total snowmelt runoff on the average, and only 15 -20% even in the peak discharge period of the snowmelt.
These results were confirmed by a subsequent study by Suzuki and Kobayashi (1987) conducted in the same experimental basin. The study applied the method of mass balance relations of ionic compositions of water such as Cl-and HCO3-for separating the daily snowmelt hydrographs. The results showed that the separated old water (pre-event water) is the major component of snowmelt runoff, being more than 60% of the peak discharge, and that the new water (event water) occupies only 20% of the daily snowmelt runoff.
The most interesting phenomenon with re spect to storm and snowmelt hydrographs is that groundwater discharge dominates hydro graphs and is characterized by the rapidity of response and by large amounts of discharge, as can be seen from Figs. 2 and 3. The important role of groundwater during a storm event was also pointed out by Hihara and Suzuki (1988) from the viewpoint of producing the second peak in stream hydrographs.
The active and significant role of ground water in both storm and snowmelt runoff gen eration has also been revealed by worldwide environmental isotope studies (e.g., Fritz et al. 1976; Sklash and Farvolden 1979; Rodhe 1981; Sklash et al. 1986 ). According to these studies, the volume ratio of groundwater to total dis charge ranges from 60% to 90% regardless of the hydrological conditions of basins (Tanaka 1982b) . The results of the study mentioned above led to similar conclusions as revealed by isotope studies with respect to hydrograph components during runoff events.
Nature of Pipe Flow
Recent progress in drainage basin hydrology has stressed the importance of soil piping or macropore flow in runoff generation (e.g., Beven and Germann 1982) . Piping, sometimes called natural tunneling, has long been known to engi neers who have been mainly concerned with piping failure in earth dams (e.g., Terzaghi and Peck 1948) . In historical papers, Fletcher et al. (1954) and Parker (1963) recognized the hydro logical significance of piping as a major factor in the erosion process in arid and semiarid regions.
However, recent field investigations have indicated that pipes are also present in humid regions (e.g., Jones 1971 Jones , 1981 Mosley 1979) . Efforts to clarify the role of pipe flow during runoff events on forested hillslopes have been made by forest scientists and hydrologists in Japan. Tsukamoto et al. (1982) and Tsukamoto and Ohta (1988) tried to measure pipe flow in a zero-order basin, which is defined as the con vergent slope unit with an unchannelized hollow, of a mountain slope. A trench was dug at the foot of the zero-order basin and a simple gaging apparatus was installed to measure the outflow through individual pipes and the seep age outflow through the soil matrix of the trench profiles, as shown in Fig. 4 . Their main conclusion was that more than 95% of the outflow from the entire trench profile during a heavy storm event is the flow through pipes and the amount of seepage through the soil matrix is negligible. In these studies, they also pointed out the important role of pipe flow in the initiation of debris slides occurring on for ested hillslopes, as mentioned below.
It seems that soil pipe has potential hydrolog ical significance as a rapid flow path because there is a good drainage system developed in soils, including both unsaturated and saturated zones. From this point of view, Tanaka et al. (1982 Tanaka et al. ( , 1984 analyzed actual velocities of pipe fl ow using the dye-tracing method in the afore mentioned Hachioji basin. In their experimen tal basin, piping occurs most commonly in valley fill deposits consisting of clay loam and silty clay. The maximum pipe outlet shows an elliptic feature, with a diameter of 30cm as its major axis and of 10cm as its minor axis, and this pipe discharges perennial flows that feed the stream even in drier conditions.
As the result of dye-tracing experiments, they ob tained a value of 0.183m/sec as the maximum velocity of the pipe flow at their experimental time. Similar results with respect to pipe flow velocity were obtained by Kitahara et al. (1988) Figure 4. Placement of the trench for pipe flow and pipe network investigations in the zero order experimental site and trench profile ). and Kitahara and Nakai (1992) during snow melt events on a gentle hillside in their experi mental basin located in Hokkaido. Their results are summarized in Table 1 . Observed values with respect to the pipe flow velocity are com parable to those of surface flows. This fact indicates that pipes and pipe networks devel oped naturally in soils play an important role as rapid flow paths during storm and snowmelt events. An existing preferential flow that con tributes subsurface water transport through macropores was also reported by Tsuboyama et al. (1994) based on the results of miscible dis placement experiments which were conducted on a Pliocene forested hillslope located on the east side of Honshu, Japan.
On Plio-Pleistocene hillslopes, Yasuhara et al. (1984) carried out a study to elucidate the rela tionship between hydrological factors and the development of soil pipes. To examine hydro logical factors involved in the development of soil pipes, l-to 4-m boring holes were dug at 96 locations and water table measurements were carried out intensively for four years in two different experimental basins located in the western suburbs of Tokyo. The results of water table measurements
showed that at the peak of rainfall, seepage forces developed in the soil pipes range from 1.5 to 31 times larger than pre-storm values.
Due to such large seepage forces occurring in the pipes during storm events, they presumed that soil pipes are in tensively developed during a storm event, espe cially at the peak of storm rainfall.
Concerning the implications of the funda mental conditions for pipe development in soils of naturally developed hillslopes in Japan, summarized them from the following three points of view: initiation of pipes (initial motives of pipe formation); devel opment of pipes (developing forces of pipe de velopment); and sustenance of pipes (sustaining forces or agents of pipe conditions). Their con clusions are summarized as follows: 1) Biotic activities are the most influential factor for pipe initiation in topsoils and underlying weathered mineral soils. 2) A visible pipe and an invisible pipe are defined in connection with the life cycle of soil pipes. Visible pipes develop mostly in lower soil layers where the soil is hard, clayish, and rich in both developing forces represented by hydraulic shear stress and sus taining agents determined mostly by soil hard ness. In topsoils, high biotic activities provide many pipe conduits of decayed roots, insects, and so on, but biotic pipes without frequent passage of water are soon replenished with or ganic matter and soils. These pipes are called invisible pipes, because they preserve high per meability. 3) Visible pipes develop in soil cov ered with thin topsoil and clayish underlying weathered materials where the slope soil resem bles bad land soil formations.
Finally, they presumed that in Japan, visible pipes develop in low-relief areas composed geologically of Qua ternary and young Tertiary sediments or gra nitic rocks.
Storm Runoff Process on a Layered Slope
On a layered slope, which consists of a fine grained material overlying a coarse-grained material, it is expected that the runoff process may differ from that on the slope consisting of a single-layer unit. Marui (1991) carried out an intensive field study to clarify the storm runoff process on a layered hillslope unit.
In this study, hydrogeological conditions of the slope were emphasized in storm runoff generation. The study was conducted on the uppermost part of the Plio-Pleistocene hillslope located at Hachioji in the western suburbs of Tokyo. The geology of the study slope is characterized by layered materials consisting of fine-grained vol canic ash soil, so-called Kanto Loam, about 4m thick, underlain by a coarse-grained gravel layer about 15m thick.
Under these layers impermeable clay or compacted clayey sand deposits are present.
The water table is hori zontal at about 15m below the ground surface at the top of the slope. Groundwater levels were measured at 10 sites using 25 observation wells and soil water pressure heads were ob served at 7 sites using 44 tensiometers. Ephem eral discharge from the slope was gauged by a 3-inch Parshall flume equipped with an automatic water level recorder.
Intensive field observations were made during the period from May to November 1985. During the study period, 22 storm events were observed. Among these storms, significant sur face runoff occurred during the most extreme storm of June 27-July 1, 1985 with a total rain fall of 205.0mm.
The results of field observa tions indicated that the overland flow com prises return flow which appears at the soil surface through soil pipe outlets distributed at the convergence zone of the slope. Further more, about 96% of peak discharge is due to groundwater flow.
These facts seem to suggest the existence of a mechanism that induces the outflow of water from the subsurface zone.
On the basis of the results of field observa tions and of laboratory experiments with regard to the effects of entrapped air on soil water movement and to water flow in a layered soil (Marui 1986 (Marui , 1991 , Marui schematically represented the storm runoff process on a layered hillslope, as shown in Fig. 5 . The most striking feature of this figure is that a large scale groundwater ridge which had never been Figure 5 . Schematic diagram of storm runoff processes on a layered hillslope (Marui 1991). reported in previous studies is formed along the steep hillside slope before the maximum dis charge of the storm, as can be seen in Fig. 5-(c) . Furthermore, a saturated zone is developed in the top loam layer at the rainfall peak and the air in the vadose zone of the underlying gravel layer seems to be entrapped by the surrounding groundwater body (Fig. 5-(d) ). For the 22 observed storms Marui sum marized the relationships between the overland fl ow generation and the development of both the groundwater ridge in the underlying gravel layer and the saturated zone (groundwater body) in the top loam layer. He reached the conclusion that the development of the ground water ridge and of the saturated zone in the top loam layer is an essential factor for the genera tion of overland flow on experimental slopes. It seems that the formation process of the ground water ridge may be an important problem in explaining the mechanism of storm runoff gen eration under the hydrogeological conditions of the study slope.
To explain further the formation process of a large-scale groundwater ridge, Marui carried out water balance calculations for the amounts of water stored in a ridging zone based on the hydrometric data of the storm. The calculation confirmed that if rainwater is the only source to build up a groundwater ridge of 160m3 of water, a catchment area of about 896m2 in extent would be required as a water source to the ridging zone. This figure corresponds to about 95% of the whole experimental area in cluding both the top plane surface and the steep hillside slope areas. These results imply that almost all rainwater infiltrating into the top loam layer must flow to contribute effectively to producing the groundwater ridge.
A similar study was carried out by Onodera (1991) in order to clarify the subsurface water behavior on a multi-layered hillslope during Figure 6 . Changing rates of pressure head on a multi-layered hillslope during a storm event (Onodera 1991) .
heavy storm events. The study was conducted at a basin nearest of the above-mentioned study area of Marui located on the western edge of the Tama hills. The most important results of the study showed that the changes in pres sure head distributions inside the hillslope in time and space correpond to the progress of a storm event, as shown in Fig. 6 . In that study, Onodera also clarified the process of rapid in crease in the pressure head, which shows a maximum increasing rate of 4m/hr in a pie zometer installed at a depth of 20m, by consid ering the pressure transmission of air and water through the vadose and the saturated zones.
The mechanism of storm ruoff generation operating on a layered slope is discussed below.
Interactions Between Storm Runoff Pro cesses and Geomorphic Processes
It has been suggested that the slope morphol ogy in a valley head area is strongly controlled by the hydrological conditions in situ, particu larly the subsurface water behavior during a storm event (e.g., Tamura 1974; Yoshinaga and Takeuchi 1986) . Interactions between runoff processes and geomorphic processes such as slope failure and slope formations have been studied in a valley head area in Japan.
Nearly 70% of the islands of Japan are moun tainous, and almost all the mountain slopes are covered with dense vegetation with natural, seminatural and artificial forests. Therefore, mountain slope generally have well-developed forest soils except for the steep slopes in high mountain regions. Because of the forest cover, surface erosion such as sheet, rill, and gully erosion seldom occur on natural hillslopes, but mass slides, especially debris slides occur as the predominant erosional process on forested hillslopes in Japan.
Based on the fact that more than 80% of debris slides occur on convergent slopes that collect and discharge storm water as well as weathered material, Tsukamoto et al. (1982) in vestigated the relationship between debris slides occurring on forested hillslopes and the runoff processes operating in the aforemen tioned zero-order basin. On the basis of the results of intensive field observations, they stated that pipe flow is presumed to play an important role in debris yield in mountain basins in Japan during extremely heavy storm events, because efficient pipe systems formed in zero-order basins experience blockages that cause sudden increases in the pressure in the pipes, including the upwelling and appearance of saturated flow.
As mentioned previously, instead of Horton type surface erosion, overland flow due to sub surface water exfiltration through soil pipes may act as an erosional agent in some areas. Figure 7 . Areas contributing to stormflow and the distribution of outflow points at the peak discharge of a 195-mm storm (Tanaka 1982a ). Tanaka (1982a) described overland flow phe nomena in relation to erosion processes on the valley floor of the Hachioji Experimental Basin. In the drainage basin, the topographical fea tures of the valley floor are characterized by a step-like profile with five integral parts: the upper convex slope; straight slope; cliff face; de bris slope; and lower concave slope. These step features in the slope profile have been named seepage steps (Hadley and Rolfe 1955) . The field evidence showed that the major portion of overland flow is produced by water flowing out onto the soil surface through decayed stumps and soil pipes, as shown in Fig. 7 . These outflow points are concentrated in small restricted areas on the valley floor where hydraulic gradients of the subsurface water show upward flow toward the ground surface. Figure 8 represents the dynamic conditions when the flow system within the subsurface zone controls the abovementioned phenomena. On the basis of the field observation results, Tanaka proposed the concept of the subsurface water exfiltration erosion model (SWEEM) which can explain the development of the seep age steps observed in the study basin. Onda (1989 Onda ( , 1992 Onda ( , 1993 attempted to explain the relationship between runoff characteristics and slope failure occurrences by emphasizing the water storage capacity in a regolith zone in an area composed of granitic rocks in Aichi, the central part of Japan.
In those studies, two types of granitic rocks with different resistance to chemical weathering were selected for inves tigation.
The results of field observations showed that the difference in regolith zone thickness reflects the water storage capacity and controls slope failure occurrence. In those studies, Onda emphasized a feedback mecha nism among weathering rates, hydrological processes, slope failures, regolith zone thick ness, and slope form and summarized the results schematically as shown in Fig. 9 .
In the Plio-Pleistocene Tama hills, Onodera (1990) verified the interaction between storm runoff processes and slope failures on a multi layered hillslope. Figure 10 shows the sub surface water flow conditions on a hill during a heavy storm event represented schematically by Onodera. On the basis of field observations of slope morphology in the study basin and the results of storm runoff processes represented in On the other hand, he pointed out that at the corner intersected by the impermeable layer with the slope surface, the convergence flow, which consists of the throughflow in the sur face soil layer and the lateral flow outflowing from inside the hill along the impermeable layer, will act as the possible agent to cause large-scale and longer recurrence interval slope failure occurring at the valley head. Terashima and Moroto (1990) carried out a study to clarify the storm runoff generation on a granitic mountain located in the central part of Japan using tensiometer and piezometer nests installed intensively along the valley head floor in their experimental basin. Accord ing to the potential distribution within the valley floor including the bedrock zone, they confirmed the existence of upward ground water flow from the basement rock to the valley fl oor even dry conditions in winter. Based on the results of that study, they pointed out that deep groundwater stored in the basement rock in granitic regions has the possibility of the bedrock slide agent.
The current trends of hydrogeomorphic studies were reviewed by Okunishi (1994) on the basis of statistics in articles published in the previous decade.
Discussing the concept of hydrogeomorphology as well as the definition of hydrogeomorphic processes, he emphasized the importance of a combination of mathemat ical formulations and description using natural language in the study of hydrogeomorphology.
Discussion

Rapid response of groundwater
The most interesting phenomenon revealed by Japanese studies on runoff generations is that subsurface water, especially groundwater, discharge dominates both storm and snowmelt hydrographs and is characterized by rapidity of response and by large amounts of discharge. These phenomena cannot be explained solely by the traditional concept of Darcian matrix fl ow (e.g., Tanaka et al. 1984 Tanaka et al. , 1988 Yasuhara 1984) . It has long been considered that the groundwater response to precipitation is very slow and its discharge during a storm is rela tively small as a base flow. However, the results of field investigations seem to suggest the pos sibility of a rapid response of groundwater to rainfall events.
Regarding the rapid response of groundwater to rainfall events, Sakura and Taniguchi (1983) clarified the role of vadose water in the capil lary zone, which exists just above the water table, using an experimental soil column. Ac cording to their results, a disproportionately large rise in the water table is caused by the conversion of the tension-saturated capillary water into phreatic water by infiltrating rain. This instantaneous response of vadose water in the capillary zone is explained by a break in static equilibrium conditions between an upward capillary force and a downward gravi tational force operating in the capillary zone. The same explanation was already given by Rode (1963) , and more recently supported by Gillham (1984) with physical principles. The hydrological implication of this quick response is the rapid rise of shallow groundwater level observed at or near the ground surface on the lower part of the slope. The fact that these phenomena occur near streams during storms has been observed by Ragan (1968) and by Abdul and Gillham (1989) as a result of ground water level measurements near streams.
The same effect mentioned above may occur when the pressure of the entrapped air above the capillary zone is increased by the down ward advance of the wetting front. Yasuhara (1984) observed the fact that although no con siderable changes are observed in the pressure head at a depth of 60cm below the surface from the onset of rainfall, groundwater discharge commences at the lower portion of the trench excavated to a depth of 1.2m on a straight slope unit. The entrapped air cannot escape easily to the ground surface because of the existence of the transmission zone, and the en trapped air in the soil may be compressed by successive percolating water. The occurrence of the build-up of a pneumatic potential due to entrapped air in the soil between the downward moving wetting front and the water table was confirmed by a laboratory colummn experi ment (Marui 1986 ). An increase in the pneu matic potential of the entrapped air can disrupt the equilibrium of forces acting on water in the capillary zone, which is quasi-saturated under negative pressure and can convert the tension saturated capillary zone into a pressure saturated zone. A quick response of ground water in this case is not caused by the arrival of event water to the water table.
With respect to the rapid response of ground water to storm events, the above-mentioned mechanisms are of importance in considering storm runoff processes under some hydro geological conditions, especially under shallow water table conditions. For the snowmelt events, a translatory flow mechanism in the snowpack was assumed by Suzuki (1993) .
Rapid flow path
The potential hydrological significance of soil pipes as a rapid flow path has been found in a wide range of locations, as mentioned above. From the quantitative viewpoint, it would be reasonable to consider that there is a good drainage system developed in soils, including both unsaturated and saturated zones. Re corded pipe flow velocities during storm and snowmelt events are comparable to those of surface flows, and such rapid flow could ad equately explain the amount of groundwater discharge during storm events.
These facts indicate that pipes and pipe networks devel oped naturally in soils play an important role in improving drainage in basins, at least under certain conditions. Such flow paths are also important in considering slope failure, especial ly shallow landslide initiation, because the extent and continuity of macropore systems such as pipe networks may control the degree of pore water pressure development in soils during large storm events.
Capillary barrier effect
On a layered slope, which consists of a fine grained material overlying a coarse-grained material, a tension-saturated zone develops just above the interface between the two layers (e.g., Bouwer 1978) . The development mechanism of the tension-saturated zone in the overlying fine grained material can be explained by consider ing an equilibrium of forces acting on the capil lary water held near the interface between two capillary tubes of different diameters (e.g., Kung 1990 ). The water held in the tension saturated zone in this case has been called cap illary supported-suspended water by Rode (1969) , and recently this situation of layers is referred to as a capillary barrier (Ross 1990; Oldenburg and Pruess 1993) . On a layered hillslope, the capillary barrier effect could oper ate as a significant mechanism for storm runoff generation (Tanaka 1992) .
If the interface is at an inclination, infiltrating water may be diverted away from the underly ing coarser material by the capillary barrier because the capillary pressure developed in the fi ne-grained material prevents water from en tering the large pores of the underlying coarse material. This occurs due to characteristic differences in the relationship between the pres sure head and the unsaturated hydraulic con ductivity of the two layers attributed to grain size differences (Ross 1990 ). The water diverted by the capillary barrier flows downslope along the interface between the two layers and the laterally moving water percolates downward at the edge of the slope. The fact that these phe nomena occur on a layered slope has been verified experimentally by laboratory models (Miyazaki 1988; Marui 1991 ) and numerically by a mathematical model (Oldenburg and Pruess 1993) . Such a flow could supply enough water to produce a local rise in the water table in the underlying coarse material, that is, a groundwater ridge as mentioned previously. Therefore, the capillary barrier effect is consid ered to be a significant factor in building up large-scale groundwater ridges under certain hydrogeological conditions such as layered slopes.
On the other hand, the development of the saturated zone in the fine-grained material also acts as a barrier to the air in the vadose zone of the coarse-grained material. The air in the vadose zone between the saturated layers cannot escape vertically and is compressed by successive rainfalls. The resulting pressure in crease is transmitted momentarily to the water in the surrounding groundwater body and causes a rapid and large amount of ground water discharge to contribute to overland flow generation (Onodera 1991) .
The above-mentioned mechanisms operating on a layered slope during storm events strongly depend on the hydrological conditions of the slope and the differences in hydraulic pro perties between the layered materials.
Concluding Remarks
The results of Japanese investigations imply that the main source of storm runoff is ground water flow, and the rapid and large amount of groundwater discharge during a storm event 
